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Abstract 
 
Changes in the forest community during secondary succession are influencing in 
various soil properties. However, there is limited information available on the soil properties 
under different stages of secondary forests in Sarawak. The aims of this study are to clarify 
the soil morphological and physicochemical properties at secondary forests under different 
age stands after similar land change (slash and burn). Field surveys were conducted at 3, 5, 
10, and 20 years old of secondary forests in Sabal, Sarawak. Different fallow time influence 
changing soil properties in various stage secondary forests. A number of soil properties 
affected soil development process and land use change. Soil morphological and 
physicochemical properties differed under different stages of fallow periods. The results 
showed that the soils under different stages of fallow lands after shifting cultivation in the 
study sites was categorized in acidic soil as indicated by pH (H2O) values of below than 5 and 
the low content of T-C and T-N as well as exchangeable bases. The close relationship can be 
assumed between soil development process and vegetation succession. The knowledge of 
forest soil properties is essential to understand the change and development process under 
various stages secondary forests. The comprehensive understanding about soil properties and 
development process is important in order to conserve and manage secondary forests. 
 
Keywords: secondary forest, fallow age, shifting cultivation, soil morphological properties, 
soil physicochemical properties 
___________________________________________________________________________ 
 
1. Introduction 
 
Shifting cultivation has been practiced all over the world and two-thirds of the world’s 
secondary forest in 1980 was shifting cultivation fallow (Lanly, 1982). Historically, shifting 
cultivation has created much impact on the general landscape of rural Malaysia particularly in 
Sabah and Sarawak over the last 100 years (Latiff & Zakri, 1998). In addition, about 49% of 
the area deforested annually in tropical Asia is attributed to shifting cultivation (Lanly, 1982). 
Shifting cultivation is accounted for some 28% of land use and it has been suggested that 
some 3.2 million ha in Sarawak are subject to shifting cultivation (Jomo et al., 2004). 
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Secondary forest is the type of vegetation that results after the natural high forest vegetation 
has been disturbed or cleared for shifting cultivation prior to abandonment (Misra, 1992; 
Abebrese, 2002; Johnson & Miyanishi, 2007; Keddy, 2007). After field abandonment, the 
secondary forest develops naturally (Van Do et al., 2010). The secondary forests are reflected 
in their structure and extent of vegetative cover, as well as their composition in terms of 
dominant and secondary species (Mittelman, 2001). 
 
Forest succession alters the chemical, physical, and biological properties of the soil 
through their occupancy of the area, and it is likely that these alterations contribute to the 
relative changes in the abundance of the dominant plant species that characterises 
successional aspect on the land (Fisher & Binkley, 2000). Rapid changes in the secondary 
successional fallow environment is reflected by the declining in light availability for the 
growth of the shoot system as well as the changes in the nutrient distribution within the soil 
horizon during the early to late successional fallow environment (Ramakrishnan & 
Kushwaha, 2001). A number of soil properties can be used to infer a great deal about how a 
particular soil influences plant growth and its well-being (Harris, 1992; Fisher & Binkley, 
2000). It is the ability of the soil to supply nutrient elements in the amounts, forms, and 
proportions required for maximum plant growth. The plant growth depends on the 
physicochemical properties and organic matter content of the soil (Hazra & Som, 2006).  
 
The soil properties at fallow lands under shifting cultivation could be characterised by 
strongly acidic nature with low levels of exchangeable bases (Nakano & Miyauchi, 1996; 
Etsuko et al., 2004; Wasli et al., 2009). Schedlbauer and Kavanagh (2008) noted that mineral 
soil C storage beneath secondary forests was relatively consistent as secondary forest 
development progressed. However, Feldpausch et al. (2007) reported that the level of C 
content and all nutrient concentrations in soil had a decreasing trend with increasing soil 
depth in the secondary forests after abandonment. In addition, Lu et al. (2002) reported that 
soil nutrients such as Ca, Mg, K, and N decrease with the depth in the soil studied in 
secondary succession forest. Andriesse & Schelhaas (1987a) showed a noticeable increase in 
cation exchange capacity (CEC) of the topsoil with burning in their experimental site in 
Sarawak with no dry season. They reported that this rise in CEC was closely related to the 
increase in C because of the incomplete burning of wet organic matter. 
 
Several studies on soil properties under tropical secondary forests in Sarawak, 
Malaysia (Andriesse & Schelhaas, 1987a, 1987b; Tanaka et al., 2007a, 2007b; Tanaka et al., 
2009; Wasli et al., 2009) have been reported. However, still limited studies focused on soil 
properties at early succession stage of secondary forests after abandonment. In this study, the 
soil morphological and physicochemical properties in tropical secondary forests, especially at 
different stages of fallow lands were conducted. 
 
2. Materials and Methods 
 
2.1 Study Sites 
 
 For clarification on the soil properties (morphological and physicochemical 
properties) under various stage of secondary forests, the assessment was conducted in the 
secondary forests with the age of 3 years, 5 years, 10 years, and 20 years (hereafter called 
Temuda I, Temuda II, Belukar I, and Belukar II, respectively) in Sabal, Sri Aman, 
Sarawak, East Malaysia (Fig. 1) where the previous study on vegetation composition and 
diversity was conducted by Karyati et al. (2013). The original vegetation at Sabal site is 
lowland mixed dipterocarp forest with heath forest (Kerangas) (Whitmore, 1975; Kendawang 
et al., 2007). The soils of the study site are derived from non-calcareous sedimentary rocks 
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consisting of fine and whitish sandstone during the mid Tertiary period (Butt, 1983). Most of 
the soils are classified into Oxyaquic or Spodic Quartzipsamments at Sabal site based on the 
USDA classification system (Soil Survey Staff, 1994). Climate data are collected from Sri 
Aman Station, which is located nearest to the study sites with consistent climatic records. 
During the last 20 years (1992-2011), the study sites receive average annual 3,491 mm year
-1
 
of rainfall, 26.6
o
C of monthly temperature, and 85.1% of relative humidity. The climate is 
classified into type A on the Schmidt-Ferguson classification system (1951). Sabal region is 
characterized as zone A with Q (Quotient) of 0.013 where very humid area with vegetation of 
tropical rain forest (Karyati et al., 2012).  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Fig. 1: Map of the study sites. 
 
2.2 Soil Profile Description 
 
For soil profile description, a soil pit with the depth of 1 meter was dug at the 
centre of each study site, such as Temuda I, Temuda II, Belukar I, and Belukar II, 
respectively. Soil profile descriptions were conducted adopting the standard procedures by 
International Soil Science Society (ISSS) (NRCS, 2002). The soil profile description was 
conducted by observing the characteristics of the soils moving towards the bottom of 
profile. Some of the characteristics were distinguished such as depth, boundary, colour, 
field texture, structure, roots, and hardness. Soil colour was determined by referring to 
Munsell soil colour chart, while soil texture in the field was determined by “feel” method. 
Soil hardness was measured at every horizon using the Yamanaka-type penetrometer. 
 
2.3 Soil Sampling and Physicochemical Analyses  
  
At each study site, the soils on nine quadrates of 20m×20m were analyzed.  Soil samples 
were collected at the depths of 0-10 cm (surface soil) and 20-30 cm (sub-soils) from three 
random points within the quadrate. The soil samples obtained in triplicate were mixed well to 
yield one composite sample. The samples were air-dried and then sieved through 2 mm 
mesh for physicochemical analysis. Undisturbed soil samples were also collected using 
100 cm
3
 core sampler for determination of soil physical properties. 
 
Soil pH was determined in distilled water and 1 M KCl in a soil to solution ratio of 1:5 
by the glass electrode method. Electrical conductivity (EC) was measured using a 
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conductivity meter (Eutech Instruments–Cyberscan CON 11). The solution was standardized 
using conductivity meter and was calibrated by standard potassium chloride solution. The 
content of total carbon (T-C) and nitrogen (T-N) were analyzed using CHN analyzer 
(FlashEA 1112 Series). Soil CEC was analyzed by distillation (based on MS678 Part V: 
1980). Soil exchangeable cations of calcium, magnesium, potassium, and natrium (Exch-Ca, 
Exch-Mg, Exch-K, and Exch-Na) were analyzed by leaching with neutral ammonium acetate 
using ICP-AES (based on MS678 Part IV: 1980). Particle size distribution was determined 
using mechanical analysis and hydrometer. The analysis of soil pH (H2O), pH (KCl), EC, TC, 
TN, bulk density, and porosity were conducted at Laboratory of Soil Chemistry, Faculty of 
Resource Science and Technology, Universiti Malaysia Sarawak (Unimas). The analysis of 
CEC, soil exchangeable cations (Exch-Ca, Exch-Mg, Exch-K, and Exch-Na), and particle size 
distribution were conducted at Agriculture Research Centre (ARC) Sarawak, Malaysia 
Agricultural Department. 
 
To compare soil properties among four different stages of secondary forests at the 
depths of 0-10 cm and 20-30 cm, one-way analysis of variance (ANOVA) by Tukey’s tests 
was used. The statistical tests were conducted using SPSS version 18 for Windows (SPSS 
Inc., 2012).  
 
3. Results and Discussion 
3.1. Soil morphological properties under various stages of secondary forests 
 
Information on the soil morphological properties on a given land can be determined by 
observing the profile development at various depths of the soil. Table 1 presents a summary 
of soil profile description in the study sites. Under similar land use history (slash and burn 
after shifting cultivation), there were some clear differences among four study sites 
although soils corresponded to the same soil order, namely Ultisols (Soil Survey Staff, 
2006). Soil profiles of Belukar II showed different content of parent materials as 
compared to the other three sites. Soil of Temuda I, Temuda II, and Belukar I consisted of 
non-calcareous sedimentary rocks, while the soil of Belukar II was mainly shale and 
predominantly sedimentary rocks. Such properties lead to differences in terms of soil 
classification under Sarawak Soil Classification system for the study sites. The soils of 
Temuda I, Temuda II, and Belukar I were classified into Grey-White Podzolic soils, while 
Red Yellow Podzolic soils observed in Belukar II (Teng, 1993). Both soil types consist of 
parent materials of mainly old alluvium, colluvium or residuum derived from arenaceous 
sedimentary rocks. 
 
According to the “feel” texture method the soils at Temuda I were classified into 
sandy loam at horizon O and sandy clay loam at the other horizons (Table 1). In this site, the 
soil structure had moderate very fine sub-angular block to moderate fine sub-angular block 
with 17 to 19 mm in soil hardness. In horizons of Temuda II, the soil textures were classified 
into loamy sand, sandy clay, and sandy clay loam. The soil structure was moderate fine sub-
angular block at all horizons, except moderate very fine to fine sub-angular block at horizon 
AE. The soil hardness was 17 to 21 mm. The result of observation in Belukar I, the soil 
texture were loamy sand at horizons 1A, 1E and 2E2, sandy loam to loamy sand at horizon 2A 
and loamy sand to sand at horizon 2E1. The observed soil structure were weak very fine sub-
angular blocky at horizons 1A and 1E moderate vey fine sub-angular blocky at horizon 2A 
and weak to moderate very fine sub-angular blocky at horizons 2E1 and 2E2. The soils of this 
site had 13 to 22 mm in hardness. In Belukar II, the soils were classified into silty clay loam 
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and silt clay at horizon A and B1, while at horizons B2 and BC were clay based on the “feel” 
texture method. The soil structures were weak fine sub-angular blocky, moderate fine sub-
angular blocky, strong medium to coarse sub-angular blocky, and massive at horizons A, B1, 
B2, and BC, respectively. The soil hardness was 12 to 21 mm. 
 
Table 1: Summary of soil profile description in the study sites. 
Horizon 
Depth 
(cm) 
Boundary
a)
 Colour 
Field 
Texture
b)
 
Structure
c)
 Root
d)
 
Hard-
ness 
(mm)
e)
 
Temuda I 
O <1-0 None      
A 0-14 gw 2.5Y4/2 SL m/sb/vf vfi-fi/co 17 
1Bh 14-28 cw 2.5Y6/4 SCL m/sb/vf-f fi/fe;c/vfe 19 
E1 28-69 gw 10YR7/3 SCL m/sb/f fi/fe 19 
2Bh 69++ dw 10YR7/6 SCL m/sb/f vfi/vfe 19 
Temuda II 
O +2-0 Litterfall      
A 0-16 cw 10YR3/2 LS m/sb/f vfi/co;c/fe 17 
AE 16-38 gw 10YR6/3 SC-LS m/sb/vf-f vfi/vfe 20 
E1 38-69 gw 10YR8/4 SC m/sb/f vfi/vfe 21 
E2 69++ dw 10YR8/3 SCL/SC m/sb/f n 20 
Belukar I 
O +5-0 Litterfall with rootmat layers    
1A 0-7 cw 10YR4/2 LS w/sb/vf fi/co;c/fe 13 
1E 7-17 cw 10YR6/3 LS w/sb/vf vfi-fi/fe 18 
2A 17-31 cw 10YR5/4 SL/LS m/sb/vf vfi/vfe;c/vfe 21 
2E1 31-61 gi 10YR6/3 LS/S w-m/sb/vf vfi/vfe 22 
2E2 61++ gw 10YR5/4 LS w-m/sb/vf n 21 
Belukar II 
O +6-0 Litterfall with rootmat layers    
A 0-21 c-gw 10YR5/6 SiCL w/sb/f vfi-fi/c;me-c/fe 12 
B1 21-39 g-dw 10YR6/6 SiC m/sb/f vfi-fi/vfe;me-c/vfe 18 
B2 39-66 gw 7.5YR6/8 C s/sb/me-c vfi/vfe;me/vfe 20 
BC 66++ gw 7.5YR7/8 C ma n 21 
Abbreviations: 
a)
g=gradual, c=clear, d=diffuse, w=wavy, i=irregular ; 
b)
SL=Sandy Loam, SCL=Sandy 
Clay Loam, LS=Loamy Sand, SC=Sandy Clay, S=Sand, SiCL=Silty Clay Loam, SiC=Silt Clay, 
C=Clay; 
c)
w=weak, m=moderate, s=strong, sb=sub-angular blocky, ma=massive, vf=very fine, f=fine, 
me=medium, c=coarse; 
d)
vfi=very fine; fi=fine; me=medium; c=coarse; n=none; vfe=very few; 
fe=few; co=common; 
e)
Hardness was measured using a Yamanaka-type penetrometer. 
 
Differences in soil morphological properties under secondary forests could be 
observed under different stages of fallow period. The soil texture showed the differences 
among the soil profiles in the study sites in terms of “feel” method observation. These 
differences were also distinctive when the colour for each horizon between the soils profiles 
was compared. The differences in soil colour for each soil profile indicate the amount of 
organic matter in the soil, which is generally well correlated with the soil fertility and 
decomposition level (Fisher & Binkley, 2000). Relative differences on the soil structure and 
root as well as the soil hardness were observed in each soil profile. Some differences may 
probably be due to shifting cultivation activity before abandoning the lands. A number of soil 
morphological attributes may affect soil development process under the succession process: 
soil texture (size distribution of particles), structure (arrangement of soil particles), depth of 
each soil horizons, penetration of roots from above vegetation and soil hardness with 
increasing soil depth as well as accumulation of litter fall at surface soils. The accumulation 
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of litter fall at surface soils will lead to large amount of organic matter pool at the surface soil 
horizon. Organic matter that normally accumulates under forest provides an environment for 
higher microbial activities (Simmonds, 1972; Oriola et al., 2010). Moreover, the organic 
matter is highly influenced by the plant cover as this generates the litter that constitutes its 
major raw material. As for the case in this study, the increase of O horizon layer with 
increasing fallow period will lead to the increase in the organic matter content at forest floor 
surface which can be attributed to the larger foliage cover of forest helps to reduce the impact 
of soil erosion in removing surface organic matter (Oriola et al., 2010). During early stage 
secondary succession of fallow lands after shifting cultivation, the floristic composition was 
dominated and obtained by many similar species in Temuda I, Temuda II, and Belukar I. 
However, Belukar II showed relatively different species composition among all study sites. 
This showed that species composition at abandoned lands after burning begin to change after 
20 years of abandonment (Karyati et al., 2013). The above vegetation is important source to 
organic matter accumulation. The differences of vegetation composition may lead to 
differences in organic matter accumulation at different fallow ages in four study sites.  
 
3.2. Soil physicochemical properties under various stages of secondary forests 
The soil physicochemical properties at different ages of secondary forests are 
summarized in Table 2. In general, the soils of all study sites were strongly acidic with pH 
(H2O) values of less than 5 and the low content of T-C and T-N as well as exchangeable 
bases. This was probably due to the ash effect after burning where accumulation and addition 
process of nutrient during fallow period derived from the amount of biomass supplied during 
burning. This was also probably influenced by process of nutrient uptake by vegetation as 
well as leaching and decomposition process during early succession process. Similar pattern 
in soil pH changes after burning was also reported by Etsuko et al. (2004) on tropical soils 
after slash and burn cultivation at Northern Laos. During the fallow period, the loss of 
exchangeable bases from the soils and concomitant soil acidification occur because of 
leaching and uptake by recovering secondary vegetation (Uhl, 1987; Tanaka et al., 2007b). 
The soils at the early stages of secondary forest tended to be less acidic with higher contents 
of exchangeable Ca and Mg. This could be ascribed to the remaining effects of ash (Juo & 
Manu, 1996; Wasli et al., 2009), suggesting that a small ash input under intensified shifting 
cultivation with a shorter fallow period could still improve soil fertility to some extent 
(Tanaka et al., 2009). 
 
The values of T-C and T-N decreased at the depth of 0-10 cm to 20-30 cm at different 
stages of secondary forests. The similar trend was also reported by Feldpausch et al. (2007).  
The relationships between T-N and C/N ratio at the depth of 0-10 cm in the study sites were 
displayed by a linear model as illustrated in Fig. 2. The content of the soil T-N might be 
influenced by accumulation process of soil organic matter during, both inputs process from 
litterfall and output process by decomposition (biological fixation) during the early stages of 
fallow periods. Especially in Belukar II whereby the level of C/N ratio at subsoils (20-30 cm 
depth) is tended to be higher as compare to other sites, such finding shows that both the 
quality of soil organic matter and the actual amount of mineral N is substantial as compared to 
land with younger fallow age. The levels of T-C and CEC at 0-10 cm depth showed no 
significant differences in all study sites, except for soils in Belukar II at 0-10 cm depth. At this 
site, the levels of T-C, T-N, and CEC were the highest. 
 
The contents of exchangeable Ca, Mg, and K were higher at the depth of 0-10 cm than 
at the depth of 20-30 cm. The exchangeable Ca and Mg showed no significant difference 
between Temuda I and Temuda II as well as Belukar II, but Temuda I and Temuda II were 
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significantly different compared to Belukar I and Belukar II at the depth of 0-10 cm. At the 
same time, exchangeable Na of all study sites at 0-10 cm depth showed no significant 
differences, except in Belukar II. The higher amount of Ca corresponds to the higher pH value 
(Etsuko et al., 2004). This trend was similar with the study in secondary forest of Amazonian 
by Lu et al. (2002), but contrast with the study of Ohta et al. (1993). The contents of 
exchangeable K were minimum and maximum at the depth of 10-20 cm (E horizon) and 30-
80 cm (upper B horizon) at lowland Dipterocarp forest in East Kalimantan, Indonesia (Ohta et 
al., 1993). The higher contents of exchangeable Ca and Mg in the topsoils were due to their 
biological accumulation through litter supply and their lower mobility in soil (Ohta et al., 
1993).  
 
Table 2: Physicochemical properties of the soils in the study sites. 
Parameter 
0-10 cm (n=9) 
Temuda I Temuda II Belukar I Belukar II 
pH (H2O) 4.71 (0.13)
ab
 4.50 (0.26)
a
 4.88 (0.16)
b
 4.85 (0.14)
b
 
pH (KCl) 3.72 (0.24)
b
 3.59 (0.15)
ab
 3.43 (0.28)
a
 3.52 (0.09)
ab
 
EC 7.55 (2.05)
a
 9.18 (1.05)
a
 8.41 (1.50)
a
 9.02 (1.79)
a
 
T-C 8.0 (0.1)
a
 8.0 (0.5)
a
 7.9 (0.4)
a
 8.5 (0.4)
b
 
T-N 0.52 (0.01)
ab
 0.53 (0.08)
ab
 0.48 (0.05)
a
 0.57 (0.04)
b
 
C/N ratio 15.4 (0.2)
ab
 15.3 (1.68)
ab
 16.7 (1.8)
b 
 14.8 (1.2)
a
 
CEC 12.6 (3.50)
a
 20.6 (6.8)
a
 16.9 (6.6)
a
 39.1 (11.3)
b
 
Exch-Ca 0.04 (0.02)
a
 0.13 (0.04)
a
 0.53 (0.26)
b
 0.41 (0.17)
b
 
Exch-Mg 0.05 (0.03)
a
 0.08 (0.05)
a
 0.21 (0.11)
b
 0.17 (0.06)
b
 
Exch-K 0.05 (0.03)
a
 0.07 (0.04)
a
 0.08 (0.05)
ab
 0.12 (0.02)
b
 
Exch-Na 0.02 (0.01)
a
 0.02 (0.01)
a
 0.03 (0.02)
a
 1.58 (0.33)
b 
 
Clay 15.7 (4.6)
a
 13.9 (3.1)
a
 15.9 (7.6)
a
 30.2 (4.0)
b
 
Silt 11.6 (5.4)
b
 7.6 (1.9)
ab
 4.7 (2.8)
a
 19.3 (4.9)
c
 
Sand 72.7 (9.1)
b
 78.4 (4.6)
b
 79.4 (9.6)
b
 50.5 (7.5)
a
 
Bulk density 1.09 (0.16)
bc
 1.11 (0.08)
c
 0.94 (0.16)
ab
 0.86 (0.09)
a
 
Porosity 0.59 (0.06)
ab
 0.58 (0.03)
a
 0.65 (0.06)
bc
 0.68 (0.03)
c
 
Parameter 
20-30 cm (n=9) 
Temuda I Temuda II Belukar I Belukar II 
pH (H2O) 4.81 (0.09)
ab
 4.63 (0.20)
a
 4.89 (0.14)
b
 4.87 (0.15)
b
 
pH (KCl) 3.73 (0.16)
a
 3.81 (0.14)
a
 3.89 (0.10)
a
 3.74 (0.16)
a
 
EC 6.50 (1.46)
a 
 6.26 (2.11)
a
 4.92 (1.20)
a
 7.36 (2.59)
a
 
T-C 6.9 (0.1)
a
 7.1 (0.3)
a
 7.43 (0.88)
a
 7.3 (0.2)
a
 
T-N 0.51 (0.06)
a
 0.50 (0.08)
a
 0.53 (0.11)
a
 0.48 (0.03)
a
 
C/N ratio 13.7 (1.5)
a
 14.5 (2.3)
a
 14.4 (2.7)
a
 15.1 (0.9)
a
 
CEC 14.9 (8.0)
a
 16.1 (6.4)
a
 12.1 (4.7)
a
 18.6 (6.3)
a
 
Exch-Ca 0.08 (0.05)
ab
 0.03 (0.02)
a
 0.22 (0.17)
b
 0.23 (0.18)
b
 
Exch-Mg 0.02 (0.02)
 a 
 0.02 (0.02)
a
 0.05 (0.04)
a
 0.05 (0.03)
a
 
Exch-K 0.02 (0.02)
a
 0.01 (0.01)
a
 0.05 (0.03)
b
 0.06 (0.02)
b
 
Exch-Na 0.02 (0.02)
a
 0.02 (0.02)
a
 1.20 (0.26)
b
 0.05 (0.02)
a
 
Clay 18.2 (4.6)
b
 22.0 (7.4)
b
 8.3 (3.2)
a
 45.2 (9.0)
c
 
Silt 8.8 (4.8)
ab
 13.1 (3.7)
bc
 4.1 (2.8)
a
 16.6 (4.9)
c
 
Sand 73.0 (9.1)
b
 64.9 (9.9)
b
 87.6 (5.3)
c
 38.2 (4.6)
a
 
Bulk density 1.45 (0.12)
ab
 1.36 (0.16)
ab
 1.52 (0.14)
b
 1.31 (0.12)
a
 
Porosity 0.45 (0.04)
ab
 0.48 (0.06)
ab
 0.42 (0.05)
a
 0.50 (0.05)
b
 
 
EC=electrical conductivity (µS); T-C=total carbon and T-N=total nitrogen (%); CEC=cation 
exchange capacity, Exch-Ca, Exch-Mg, Exch-K, and Exch-Na = exchangeable calcium, 
exchangeable magnesium, exchangeable potassium, and exchangeable natrium (cmolc kg
-1
); clay, 
silt, sand, and porosity in percentage (%); bulk density in (g mL
-1
). Values are average and 
standard deviation (SD) in parentheses. Different letters in each line indicate a significant 
difference at 5% level by Tukey’s test among different ages of secondary forests.  
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Fig. 2: Relationship between total N and C/N ratio at the depth of 0-10 cm in the study sites. 
Temuda I (y=-0.03x+0.98, R
2
=0.68), Temuda II (y=-0.04x+1.20, R
2
=0.86), Belukar I (y=-
0.03x+0.91, R
2
=0.77), and Belukar II (y=-0.03x+0.96, R
2
=0.74). 
 
Table 2 showed that exchangeable Ca, Mg, K, and sum of exchangeable bases tended 
to increase with an increased in fallow age. Accumulation of soil organic matter during the 
fallow period and ash deposits from the burned biomass are the main factors contributing to 
increased soil fertility at the end of the fallow period. The biomass of the fallow vegetation is 
generally a major pool for potassium, calcium and magnesium (Nye & Greenland, 1960; 
Jordan, 1985: Andriesse & Scbelbaas, 1987b; Sanchez, 1987). In contrast, soil concentration 
of exchangeable Ca decreased with increasing stand age in primary and secondary forests in 
Eastern Amazônia, while soil concentration of exchangeable Mg were higher in all secondary 
plot soils than in the primary plot soil (Johnson et al., 2001). The distribution pattern of 
exchangeable Ca in the study sites showed a similar trend with exchangeable Mg. On the 
other hand, exchangeable Na did not show any relationships in term of the fallow periods. 
This trend was in line with study as reported by Etsuko et al. (2004). 
 
The contents of clay and sand at surface soils (0-10 cm depth) showed no significant 
differences in all study sites, except for Belukar II. The content of sand in the soils of Belukar 
II was the highest among all study sites, meanwhile the lowest content of sand was also 
observed at the depth of 0-10 cm in this site. However, there was a significant relationship 
between the soil clay and sand contents at the depth of 0-10 cm in these study sites as 
illustrated in Fig. 3. The bulk density was higher at the depth of 20-30 cm than at the depth of 
0-10 cm. The lower bulk density usually showed the higher porosity. Generally, the higher 
bulk density indicated the compaction of soil in the site. Similarly, Ohta and Effendi (1992a) 
observed that bulk density increased with depth, and was inversely correlated with the clay 
and carbon contents in each horizon at lowland Dipterocarp forest in East Kalimantan, 
Indonesia. Soils at 0-10 cm depth was harder than at 20-30 cm depth. At the depth of 0-10 cm, 
the soil hardness decreased with increasing fallow periods. On the other hand, unclear 
difference were observed for the soil hardness at different depths in the study sites as shown 
in Table 1. This indicated that the soil hardness at different depth was not relatively changed 
at the early stage of secondary succession process till 20 years fallow period. This may 
probably be due to the variation of soil texture and porosity under the similar parent materials. 
The soil hardness was significantly high probably because of the dead and carbonized tree 
roots of the former vegetation (Ogino et al., 2000). 
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Fig. 3: Relationship between sand and clay contents at the depth of 0-10 cm in the study sites.  
Temuda I (y=-1.76x+100.37, R
2
=0.80), Temuda II (y=-1.41x+98.13, R
2
=0.90), Belukar I 
(y=-1.23x+98.93, R
2
=0.95), and Belukar II (y=-1.47x+94.85, R
2
=0.63). 
 
4. Conclusion 
This study indicated that soil physiochemical properties differed at different stages of 
fallow lands (3, 5, 10, and 20 years old secondary forests) as well as at different soil depths 
(0-10 cm and 20-30 cm depths). Under similar parent material and land use history (slash and 
burn), several soil physicochemical properties showed significant differences among the 
different ages of secondary forests after abandonment. This indicated that the soil 
morphological and physiochemical properties developed and changes at early secondary 
succession process following fallow period. The development and changes of species 
composition of plant seedlings and saplings after slash and burn process was mostly 
influenced by secondary succession process and fallow age in abandoned lands (Karyati et al., 
2013). In addition, the fallowing period of 20 years was probably insufficient to allow fallow 
lands to recover vegetation and soil parameters which could increase the high ability to 
provide sufficient in both above ground and below ground biomass as well as C stock in 
vegetation and soil (Karyati, 2013). The information on forest soil properties is important and 
critical to understand the change and dynamic process under various stages of secondary 
forests. The comprehensive understanding about soil properties and development process is 
useful for addressing future management of secondary forests and the related issues like 
global climate change, biodiversity, carbon marketing and sustainability of ecosystem service 
of secondary forests. 
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